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Abstract 



iot Q H tri niinnriiYHpafides or derivatives thereof for decreasing transcription of 
The present ir.vent.on ,s related t£ ^°£^ A ^ ^i^gnificahtiy Involved^ transcription and has 
atergetgene-havng a ^^^SZm^^S^* invention are substantially 
substantial mirror symmetry. The ' J^"^^^™ Jodiments do not form a substantially stable 
complementary to the Preston dXert a.n p ref erred ernboa me ^ embodjments 

intermolecular triple hel.x with the targe gene in . vrtrc .at pnysio g h ^ ^ Watson . Crjck 

are oligonucleotides having a c.^ 

and Hoogsteen bonds with the targe DMA. ™ iwemwn thods for decreasing transcription of a 
^:S£S^eSS - ^ving - -ease involving the 

expression of a target gene. 
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What is claimed is: ( „ nerri ntinn of a taraet qene wherein said composition 

1. A composition for is significantly involved in 
is substantially complementary to a regi o of jene jn « jnverted 

transcription, said region comprising ° e aSJ DMA strand, wherein at least about 

portion of one arm of said purine strand. 

2. The composition of claim 1 ^ein^on.tje ^ff^SSST 
from about 1 to about ^ ^^^fo^krt of sa'id purine strand and at 

? e r a ^tt ™» * saw purine strand - 

3. The composition of Cairn 1 or 2 wherein the oligonucleotide comprises a stem-loop. 

4. The composition of claim 1 or 2 wherein the oligonucleotide is circular. 
5 The composition of claim 1 or 2 comprising at least about 8 nucleotides. 

6. The composition of claim 1 or 2 wherein said oligonucleotide comprises from about 8 
to about 30 nucleotides. 

7. The composition of claim 1 or 2 wherein said arm of said strand is from about 8 to 
about 30 nucleotides long. 

8. The composition of claim 2 comprising the oligonucleotide of SEQ ID NO: 3. 

9. The composition of claim 2 comprising the oligonucleotide of SEQ ID NO: 4. 

10. The composition of claim 2 comprising the oligonucleotide of SEQ ID NO: 5. 

11 . The composition of claim 2 comprising the oligonucleotide of SEQ ID NO: 6. 

12. The composition of claim 2 comprising the oligonucleotide of SEQ ID NO: 13. 
,3. The composition of claim 2 comprising the oligonucleotide of SEQ ID NO: 14. 

14. The composition of claim 2 comprising the oligonucleotide of SEQ ID NO: 15. 

1 5. The composition of claim 2 comprising the oligonucleotide of SEQ ID NO: 1 6. 

16. The composition of claim 2 comprising the oligonucleotide of SEQ ID NO: 17. 

17. The composition of claim 2 comprising the oligonucleotide of SEQ ID NO: 1 9. 

18. The composition of claim 2 comprising the oligonucleotide of SEQ ID NO: 21. 

1 9 . The composition of claim 2 comprising the oligonucleotide of SEQ ID NO: 23. 

20. The composition of claim 2 comprising the oligonucleotide of SEQ ID NO: 25. 

21. The composition of claim 2 comprising the oligonucleotide of SEQ ID NO: 26. 
22 The composition of claim 2 comprising the oligonucleotide of SEQ ID NO: 28. 



stranded region. 

24. A method for deereasihg eanaodptien 

26. The method of claim 24 or 25 wherein the oligonucleotide comprises a stem-loop. 

27. The method of claim 24 or 25 wherein the oligonucleotide is circular. 

28 The method of claim 25 wherein said oligonucleotide is selected from the group 

SnO^IeqISnO: 3, SEQ ID NO: 5. SEQ ID NO: 6, and SEQ 
ID NO: 28. 

29 A method of preparing a composition for decreasing transcription of a target gene 

SEES- etraad sa,d -—^^ 
Sr^S^^'aS'aTSro, aha arm .jU par,e sfrahd. 

31 . The method of claim 29 or 30 wherein the oligonucleotide synthesized comprises a 
stem-loop. 

32 Tba method of olaim 29 or 30 therein the oligonucleotide synthesized la circular, 
expression of a ar get gene nav ny a comprising inverted 

cimplementer; to at least a portion of one arm of sa.d punne strand. 

SUSS 32 - 



35. The method of claim 33 or 34 wherein said oligonucleotide comprises a stem-loop. 

36. The method of claim 33 or 34 wherein said oligonucleotide is circular. 

37 The method of claim 33 or 34 wherein said oligonucleotide is selected from the. 

BSSS3SS) NO? 3° SEQ ID NO: 5, SEQ ID NO: 6, and SEQ ID 
NO:28. 

38. The method as in claim 33 or 34 wherein said oligonucleotide is administered ex 
vivo. 

. x r^oonr -\a fnr the treatment of a vertebrate suspected of having 

S^£S5E£ l KES p -£ and de " ve,y 

i * w nr 14 for the treatment of a vertebrate suspected of having 

otsEQ ID NO; 15 or derivatives stability and deliverv thereof. 

r t ' oo„ r oa for *hP treatment of a vertebrate suspected of having 

increasing stability and delivery thereof. 

HIV comprising administering the oligonucleotiae or ocu .u 
increasing stability and delivery thereof. 

thereof. 

^ f i-,;^ 11 nr -u for the treatment of a vertebrate suspected of having 
47. The method of claim 33 or ^ffie treajw. derivatives for 

HSV I comprising administenng the oligonucleotide or stu 
increasing stability and delivery thereof. 

r . ■ oo nr i/i for thP treatment of a vertebrate suspected of having 

increasing stability and delivery thereof. 
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GENE REGULATION BY TARGETING 
PUTATIVE INTRAMOLECULAR TRIPLE HELIX 

^SrSn is related to oligonuc.eo«des, or derivatives thereof, for decreasing 

transcription of a target gene ^ « ES^SSltalanHal mirror symmetry. Such 
DNA that is significantly involved m JJjJgJjJ ^The oligonucleotides of the present 
regions create sequences of s'n£e-stranded DNA m y stranQ Certajn 

Baling genomic DNA. sciente* '•"^S^^JSSwiS To prevent the transcription of 

(TFOs) See, for example, Cooney et a... 
Science 1988,241,456-459. 

targeted cis-acting enhancer sequence. 

However, the base-pairing involved in triplex formation is not well-understood and the stability 
of these structures is likewise poorly understood. 

Hogan, WO 90/06934 and Froehler ^^^SSSS!^ SSST^ *r 
demonstrate the basic des.gn of tnplex-fommg gl9™°™ e ^ e '. GT . mo g f . The » C T» motif 
the formation of a triple tab are known as the 'J^g^^d^onudMU^ For every 
involves the use of a polypynm.dine ohgome ^as ^j^lex 9 ^ there js a 

GC base pair, there is ^^^^^^1^^^^ tofne P urine " rich 
corresponding T. Using this motif, the l fu is onenwu i H 

purine-rich strand of the duplex. 
Unlike the ^.ecu^ 

involves the targeting ,of a iputative ««J^^ ! 5^ Mlxv ^ th et«gal 
to result in vivo from the formation Jj ^^^J sensitivity and involvement in 
DNA. Such regions ; can be ■^ b ^^SJS3j. w'hich is purine-rich on one 

demonstrated in vivo ' Thus - the approach of 

the present invention has never been attempted. 

nucleotide, each, the '^^^JSSS'lSScSse an oligonucleotide, o, 
^T,^^T™^^° e-d and „hi* doaa no, ham. 



Under , t^T^^lS^. Additional preferred compositions comprise 
o^Se^ 

,n another aspect, the invention invoives the preparation of the oHgonudeotides. 
,afur»eraspect.thepre^^^ 

above for the inhibition of ranscnp^on « ^ 9 ene m ™ e ^ p S y ed in the treatment of diseases 
described above. Hence, the ohgoHK*w ^ may oe JJJ» J jdes methods for 

involving such genes The present ■*£%Z£^£^ compositions for decreasing 
decreasing transcription of su ch ^• l ^^£ s L a JS df having a disease involving 
transcription, and methods for ^ ^ example( cancer> viral and 

So=^ 

Brief Description of the Drawings 

Figure 1 illustrates the putative structure of H 

DNA in vivo, illustrating the conformation of the helices. 

* „ intramr>iprular DNA triplex region wherein pyrimidine-rich strand 
H-DNA consists of an in V am ° ^1 Hnnosteen hydrogen bonding with the duplex. Th.s 
donates the third strand involved 'mHoo^ee in ^ tQ be sjngle strande d. 

Figure 2 shows the putative H-DNA structure of the c-myc substrate representing the 
upstream region of the gene. 

SSSSS^^^^ base pairs by -plus- sfcns. 
Figure 3 demons toe thymidine uptake of HL60 delle incubated with various 
oligonucleotides as described in 
Example 1 . 

Figure 4 displays the thymidine uptake of K562 cells incubated with various oligonucleotides 

as described in 
Example 1 . 

SS^«£o «V«3 H L6 0 o*. diiuted ,o a 

^^^^^^^^^^ 
product of HL60 cells .ncubated wrth KY10016 • ™e mm ^ re verse-PCR 

from 1000. 100, 10 and 1.«2EEttl5£ The dumber of cells in the reaction varies 
product of HL60 cells ' ™ n indicates the pCR product 0 f 

from 1000. 100. 10, and 1 . respectively (Lanes ^o » pcR { Qf RL60 ce||s 

untreated HL60 cells. Lanes 1 0 /"l^'^TaSimers only. The size of the 

326 bp and 21 8 bp - respectively - 

Figure 6 illustrates the band shift ->^j*£ J^."!^^ 
oligonucleotides to the duplex ^^Tab'e 10 ^ s ^ nstent concen tration (5x10-8 M) 
Example 1. In Lanes 1-4 and ^.^"^SSes in the reaction mixture containing 
. were mixed with various concentrations ° f ° ,| 9° nucl ^ 1 Lanes M and 12 . 15 , the 
0.15 M NaCI, 10 mM MgC12 and 5 mM Tns-HCI at p» i.v- 



» ♦ „r,^ontration (5x10 8 M) were mixed with various concentrations 
duplex targets at a constant concentn^on (5x10 8 My g mM MgC , 2 1 mM 

of oligonucleotides in the ^f^^JSJbSS 5-8 contain oligonucleotide KY10013 at 
-9, 2x10 , 2x10 -7 and 2x10 -6 M, respectively. 

v. „f fhA formation of H-DNA when two arms comprising inverted 

* •» Hobgsleen base pacing. 

u «r thP formation of H-DNA when two arms comprising inverted 
l^KSKAYJSSSS- in i. Hoogstaen base painng. 

Detailed Description of the InvooBon reported that repeating copolymers of 

In the context of protein binding, W»*te^ * P vjtro having tri p| e stranded and 
(dT-dC) (dA-dC) sequences ^^SS^£^Stt>«g. Science 1989, 243, 1571- 
single-stranded regions, known «^^™^88 of both vertebrates and invertebrates 
1576. (TC-AG), sequences are present in the 9J™"» t t known wnetner such 

andarefrequentlyfound^ 

structures form in ^"^S^^SE^ ™ cleases and strong P" rine/ Py nmid,ne 

jsssssas^^ 1992 - 20 - 111 - 116 - 

Other researchers have found that a ^ 

substantial number of pur.ne-pyr.mid.ne sequences have ™ ^ Examples of simple 
TepX^el^ 

, . ,. lonr<>Q are freouentlv found in upstream regulatory regions, 
Homopurine-homopynm.*ne sequences^ et ^ FASEB 1988> 

in which they are suspected toj ^ " ™^^JJ to ado p t a non-B form structure, 
less than 7. See, for example, Mirkin et al 
Kinniburgh, Nucleic Acids Res. laaa, i ' ' 

Watson „ rt h/m/rimiriine strand is folded back down the major 

• ♦ _j «ii nNA » due to the presence of a flexible hinge between the 
,e^™ men5fo, pnLna ,n me nation Clnese blplels. 

Htun and Dablberg, Science 1989. 243. 1571-1576. 
singlestranded, as shown in F.gures 9 and 10. As mdicateo 



Figur es 9 and 10. eHher arm of ^*<S£Sf*r 5 W. 

pairing in the formation of second strand are designated 

respectively, in the Figures. The ^pl^JJJJJ £ B participation of S1 and S2 
■Si ■ and »S2 ", respectively L ^^JS^SSSS^L which forms part of the 
in the intramolecular triplex formafon. The region J 0 ^^ Depending upon which arm of the 

are depicted as dash lines. 

ZXX&<X^&£E^ ,he 9ene °' interes '' as shown 

in the examples which follow. 

♦ . that H DNA mav be widespread in genomic DNA since TC-AG repeats 
It has been postulated that H-DNA , majr oe w » J a d . human DNA . These regi0 ns 

,ong enough to ^^J^SffnfS&. and recombination. The formation of 

a H re D f NA in SKSSS^dSS^ interaction and could absorb negative supercchng 

generated by transcription. 

,„ me present Invent. eligeauCeeedes are designed te targe, me putetive single-arranded 

region of the etahilitv and sDecificity. Alternatively, the 

H-DNA in an antisense manner ^with high ?JM ^ factor that interacts 

oligonucleotides of the invention may I ^J^S^^^ be im P licated since the 
with H-DNA. It is ^S^^SSSSSSS^ genes are very similar. Thus, a single 

SnttoK^ 

genes implicated in, for example, cancer. 

Onaexam P .eofagenee^ 

myc nuclease sens,tive element (NSE) which has bee ^ 261 _ 478 . 480)i 

(Kolluri et al., Nucleic Acid Res., 1992 <-U, , i i ■ . , hgs been 

U involved in transcriptional ^^^^^^ H-DNA structure, and the 
^^XX^^^' as illustrated in Figure 2. Firulli et a,., 
Biochem. and 264-270 This element is a cis-acting positive 

sssarjssir^^si?- «~ «■ sd - usa ,989 - 86 ' 

9682-9686. 

Others have targeted c-myc using TFOs. A TFO with high affinity for c-myc is reported in 
Postel etal., Proc. 

Nan. Aced. Sei. USA, 1991. 88. 822 ^^S^<^ShS SO^Se 
promoter. 

,~ di mRNA levels in Hela cells using PU1 were reported. 
Reduction in cytoplasms c-my ^^^3^" " V -rich oligonucleotide Pyl (SEQ ID 
Postel reported that a control ^"""^SfSS and did not reduce myc P1 mRNA levels 
NO: 2) did not form a triplex with the ^^^^^a. Both oligonucleotides were 
to a statistically significant testing for mRNA reduction. The 

. DMA 



reduce the c-myc mRNA. 



ln contrast, the present inventioninv^ 

H-DNA in an antisense ^^-/S^S£^£SSm as ineffective in Portal, provided 
directed against c-myc. «^J*^M^5Sof c-myc transcription as compared to 
a surprisingly superior resuU d h e ^^, Snines. and at a 100fold less 

^SZ^S^X & that are potent*,!, 

r eg„,*n of many gam*. Wjjgg. ^°KS^p na . cSagen type I. IU 

Afton nrp ^nt uDStream of the transcription initiation site, but 

The present invention special y ^^Z^^^^^^^ 
genes such as those listed above. wh.ch P^^^ 1 ^^ at , ea st about 10 nucleotides, 
significantly involved in trans ^^^^Xnd ^d which region has substantial 
at least about 65% of which a re pumes aboSt 5 nucleotides each, 
mirror symmetry in at leas two P*ndramc mm luwtig nucleotides betW een them. 

SoSeS" 

be employed and are described below. 

Nuclease sensitivity is defined as at least about 20% greater than average sensitivity to 
nucleases such as n0/ nrpater than average. Average sensitivity 

DNase I and 81. and preferably ^^SjateSSeTi DNase'digestion and prcbing 
may be measured, for example, by Lf a aene that is not actively transcribed. See, 

rucleosome structure^, for «**SJ^S^^o«»i<» restrict transcriptional 
may ba directly related to gene W^Jg^, ttle hypersensitivity and 

c "" no axpreasion and to bind several nuclear factors. 
Mareaoftbeg—s^ 

been found, using T^' 9 "^^^ binll „ Meracl . An example of a 



nuclear run-on assay 



. , . ,noii.,i a rRiolonv 1981 1, 281288. Additionally, conventional 
Groudine et al.. Molecular Cellular W ^J^! . f DNA is involved in 

molecular genetics may linking the region to a 

ie a pat assav where the CAT gene is coupled 



neon of TAT exoression with and without the DNA region potentially involved in 

USSSSi "at least about a 90% reduction in CAT express.on. 

PreferaWy, the target region - a Putative^^ ^urine-rich or a 

intramolecular triple ^«^^S^S^SSSSii a sequence having at 
pyrimidine-rich segment. Substantial ^JJPjJ! f Seats need not be a perfect match 
least 2 arms constituting inverted repea rfs. The ^^ e ^ s ^ 75Vo of ? he bases 
so long as there is substanfal = S^t^^^^o^ous or non-contiguous 
within the arms exhibjng mnro [^f^SSZ^Bni more preferably about 5 to 
and are each preferably at teast ab °" ° n ^ have about 1 

about 30 nucleotides long. J ho ^XTan?s lucl Sdecular triple helices are 
to about 50 nucleotides between the ^J^"*"^,,^. The length of the purine- 
stabilized in vitro by a pH lower than 7 a nd I negat .ve sup ero oh ng y ^ 

pyrimidine tract involved ateo date nrnne » f act , it has been suggested 
provide stability. See Wells . t aU ^ B J2^3tra nscrip Hon by altering DNA topology in 

j^^ff.^ Sci - U * A 1 «* * 9682 " 9686 - 

Preferably the putative single-stranded target region is from about 8 to about 30 nucleotides 
tong and comprises at least about 65% guanines and ademnes. 

The composes of the invention comprise .an °-^^^S^ e ^arms 
substantially complementary to at least a , portoi f ^^Xy ^Tthe purine strand. The 

gene as demonstrated by in vitro testing. 

comprising physiological pH and ran be ' , ^rophoresls. The triple 

- Ihe art One example of such a tea's "»biWy J™"**™**,. The e P qu „ Mll m constant of 
helix species migrate more <£^£££££i ^uantifatioa of each species. Upon 

helix does not form. 

,„ certain p-eferred ^^^g^T^T^T^ 



thymines 



,„ certain embedments, me oligon ue!eo«es ^SSSSZSZSSZSSlT 
found that circular <X*eoxy^teobdes bmdto arngte „ « ntly due 
Sfrongly than linear DNA bMtTdSmains in the circular 

„ other embodiments, me oiagonueleoMes f^^XiSSXSSSSSi 
structure. The slemloop functioning ^^^^^nS^opfunotioning 
having substential miner symmetry ***** I by ^"5x™h a oomplementarv single- 



structure may form both Watson-Crick and Hoogsteen bonds with a singlestranded target. 
See, for example, Giovannangeli et a!., J. 

Am. Chem. Soc. 1991. 113. 7775-7777. The length of the stems of such structures are 
preferably at least 5 nucleotides. 

The loop is at .east 3 nucleotides long, and preferably less thar MCUr i a preferred 
embodiment, the loop is 3-7 nucleot.des^Jaeg er et aL ProoNaa .Ac r ^ 

7706-7710 (incorporated here.n by reference). The I "^r 'nay oe y ^ ^ 

SuTsul^^ P~e 9,00-. 

polyamides, and methylphosphonates. 

Whether it is linear, circular. or a ~ 

match the target sequence exactly, it "^"JJJh preferably at least about 8 
contemplated The : phrase "at least portion of Jg^L js from about 8 to 

nucleotides of the target DNA. The length ot me o..go k bjnd 

about 30 nucleotides. The ohgonudeobte ^^^££,5 a c 9 ell . The number of 

the extent necessary to reduce transcnption. 

While any length oligonucleotide may be utilized, it is preferable to use a length that confers 
specificity. 

The length of the o.i^ 

bases, as discussed, for f^PjJ" •^'S^addlng more bases to an oligonucleotide 
6925. Specifically, it has been emonstra to£> st , tnus als0 allowing 

may decrease V"* 1 **^ in some cases, shorter 

binding to sequences other than ttwr arget ae sire ^ dest d 

sequences may be less «H«^ , jJ^^£g^prt, bind more tightly than AT 
E^r«£^e purine P strand is G-rich. oligonucleotides 
having at least about 8 nucleotides are preferred. 

,n addition, the size of the o.igonucleo«de ^^^Z^^^ 
SSlhn is a detectable decrease in transcr.pt,on. 

The phrase "substantially complementary" refers to an o.igonucleotide designed to generally 

have a C for every A . th pur i ne -rich strand. It will be 

G -h 3 G /° r H e ron C e Slie Tn^arttha t££Z32Ef& not be perfectly 
understood by one skilled in tne an uwi a decreaslng transcription. Some 

ssa^ft-^- 1 de "' ase ln 

of the target gene. 

oligonucleotides targeted against mRNA. 

Rather, the oligonucleotides of the ^^^^^^^Z^S^ 
gene targets, since the targeted reg.on in the ^ a ^ns°np y vjrgi 
area of the DNA is not transcribed into » "J^^ e ^^ armed with the present 
targets, however, it will be understood by one ' 'J ™ . both decreasj 

and thus decreasing expression also. 



been reported by Shibahara et al., Nucleic Adds Research 1989. 17, 239 252. 

^^nucleotides are generally more stable to nuclease attack. 

The oligonucleotides of the present invention can be synthesized by any of the known 

through recombinant expression from an appropnate vector, 
pbosphorothioates and phosphoroamidatea. 

Additionally, bata-anomera ma, ba -aplaaad with alphaanomars. San at al.. Tripla-Halix 
SSSSS ^SSSgSSSTSZ* OA S,e,a & d.S. CoPaa. 
£»£X-a^ 

preferred. 

See, for example, Nguyen et al., U.S. 

Patent No. 4.835.263, which is hereby incorporated by reference. 
,n addition, .abeling groups such as f-'^ 

k 0 ,, co h tn Hprivatize the oliqonucleotides of the invention. 
DNA modifying groups may also be usedto denvatiz tr* oi g 

Such groups include groups thaUrcjsjtoM ^^^^t, y inhibit th e function 
• or destroy the DNA target or a portion thereof and Wereoy .rre« y exgm of g 

structure *Ls increasing triplex stability, is benzo (e) pyndcndole. 
oligonucleotides ofme-n^ 

!S?!ri!^5SS3! mooifclns w 9 ou. d presumably increase cellular uptake 
and, thus bioavailability. 



f^ace^leonpoanK^ 

or diluent and an effective quanWy <* "'"TSKae variety of tarn, 
oral, or parenteral. 

,„ paring ft. «^*«J»-f^ 

be employed, for example, waters, oils i alcoh ols. t a wring g , h ^ 
agents tfmake an o'a. solid preparation (e.g., powder, capsule, ortab.et). 

Controlled release ^^—^^^^^^ 
S-lK^-fiSS- friers are employed. , desired, tablets 
sugar coated or enteric coated by standard techniques. 

♦ nmri, .ets the carrier will usually be sterile water, although other ingredients to 
For parenteral products, ^amw wHi us y suspensions can also be 

aid solubility or as preservatives can » jcjuajeu d £ a ts can be employed. 

aqueous solution of dextrose, and the like. 

The oligonucleotides and their derivatives can also be administered locally at a .esion by 
topical application of a solution or cream. 

describes methods for ^P 8 "^.^^ and lipids added, 

SSw3?= 

Biology and Medieine, Academic Press 1979. MJJJJJ^ |hose skllted „ 

Chap. 14, pp. maot directly Into the 

4 925,673 and 3,625,214. 



RNA and DNA to cells. Arad et al., Biochem. Biophy. Acta. 

1986, 859. 88-94. Additionally, oligonucleotides can be earned into , the «. by exploitation of 
folate receptormediated endocytosis. Leamon and Low, Proc. Nat 1 . Acad. 

Sci. 1991,88, 5572-5576. 
the present disclosure. 

bone marrow is then transplanted into the patient. 

^^^^^^^^^^ 

Antisense Res. and Dev. 1992, 2, 3-15. 

treatment when applied during surgery. Simons et al., 
Nature 1992, 359, 67-70. 

practices. 

Overall it is preferred to administer to patients the oligonucleotides, or derivatives Jo pat ients 
and other factors. 

,t is also possible to administer the oligonucleotides ex vivo by isolating white blood cells from 

KSSSSi „,ed tera ,„ by refers,. 



factors. 



it will be understood that the treatments of the present invention can be combined with 
ISSSSSI^ which can be administered sequentially or simultaneously. 

The present invention also provides methods for decreasing transcription of a target gene 



nucleotides eaoh the anws ^f^SSK ,h e L".i™^«=n of an 

between lhanv A pro J^^J"^ complementer, to one of the palindromic 
olgonucleot.de or der "atiuellhereai mbodirnents. the sequence between the arms when 

helix with the target gene at physiological pH. 
loop functioning structure. 

Further the present invention provides methods of treating a .vertebrate having a disease 
corresponding to an in vitro concentration of about 1 ZM. 

~ • ^rroHamhnriiments of the present invention involve target genes that are 

Tending is fess^ 
binding alone. 

a oHHitinn^i arivantaae is the effect on only transcriptionally active regions since H-DNA 

^T£tiX2XS^ttTX& a suULUcf onfy when .he 
gene is transcriptionally active. 

^«forroH hu the* nresent invention is the lower concentration of 

transcription in cells culture. 

GenBank (IntelliGenetics, Mountain View, CA). 



C " myC i „f * npnp havina a Durine-rich region with substantial mirror symmetry. 

C-myc is an example of a gene having i punne r g formation> as 

The upstream sequences of this gene nave two P°«*" 1 ? „ 34 . 41 

illustrated in the mirror symmetry present in nucleotides 12-17 and 22 

and 49-56 of SEQ imnlirated in many cancers including leukemias. 

myc Examples 1-4 discussed below address a c-myc target. 

Materials and Methods 

Cells Lines and Transfection by Lipofectin. 

HI 60 and K562 cells were grown in RPM1 1640 supplemented with 10% fetal bovine serum. 
^SSiSSSliZJomn were obtained from Gibco Laboratories. 

Tr ansfection was carried out ^^^^^^^^ 
Various concentrator* of ^f^^^^^SSi plate containing 100,000 HL60 
(Bethesda Research Laboratories) and «*Jdto«» ^ we ^ P n ^ ntration of oligonucleotide 

?Z%Zp*™^™ s to 10% - and ha " ested 24 hours posttransfectlon - 

The adherent cel. lines LS180 and HuH7 were grown in alpha MEM supplemented with 10% 
fetal bovine serum. 



Transfer was cam-edout^ 

oligonucleotides ^re m.xed w.t^ Mg of ^™; n ^ 1 The concentrat ion ranges of 
plate containing the ^""^^^^fateS'vSh the oligonucleotide/lipofectin 
oligonucleotides were as above. Cells were w»»JJ ™ J containing the 

.Lre for 4 hours, ^^^^'^Sy^^mS with FBS to 10% for 5 

r^w^ 

time as required due to evaporation effects. 
Thymidine Uptake and Cell Counts. 

Cellular uptake by H660 and K562 cells was determined by performing an assay measuring 

thymidine uptake. 

A ft ertheH660andK56^ 

^tfoS int ° Ce,lS T meaSUred " 

l^l^ beta plate reader (Pharmacia). 

Cell counts of H660 and K562 cells were performed by counting viable cells using trypan b.ue 
dye exclusion and an hemocytometer. 

MTT Assay. 

Cellular uptake by LS180 and HuH7 cells was determined by performing an MTT assay. Prior 
LsiloSd HuH7 cells were incubated with 0.5 mg/m. MTT (3 (4, 5-dimethyUhiazol-2-y.) -2, 5- 

wavelength 540 nm with a Vmax microtiter plate reader. 



(Molecular Dynamics). 

Quantitation of cmyo mRNAand ss-actln mRNA by Reverse PCR. 

was mediate., added ,d ,000 Ufml. <«±Z^SS^)^% o, random 

primer for 1 hour at 420C. The resulting a synthetic primers specific for 

Thermus aquaticus ^J^^S^SSS^ wa ^selected according to the 
each of C-myc and ss-actm mRNA. f ^ specmc pnm ^ ^ 

published sequences and to produce "gJe^^-MJ^^ were djluted in a 

Sequence of each primer ^^^SSS^^S^ See, for example, 
sequential manner and subjected tojjw«w ^ £ t of 5 ..| abe „ ed 

Phosphorolmager. 

SEQUENCE OF PRIMERS UT.L.ZED IN THE REVERSE-PCR EXPERIMENT 
PRIMERS SEQUENCE SEQ ID NO: c-myc 5' primer 
JSS^TCltSAGGAGGAACAAGAA 32 c-myc 3 primer 
AGCAGGATAGTCCTTCCGAGTGGA 33 ss-act.n 5 primer 
GCATCgJgTCCTGTGGCATCCACG 34 ss-actin V pr-mer 
CTAGAAGCATTTGCGGTGGACGAT 35 
Tests of Binding to Duplex substrate. 

Duplexformationwaseffectedbycomb^ 

buffer containing 0.1 5 M NaC1 .10 ^j^^iS^m^m. Various 
for 15 minutes, slowly cooling and then ^°^l^ concent ra\\on of duplex target and 
concentrations of oligonucleotides were added to J^^J n 5x10 . 8 M J eacn reac tion 
incubated overnight. The concentrator o ^^^S^^ from 2x10 9 M to 2x10 -6 
in a total volume of 10 1. Con ^^ cm) in a buffer 

M. Electrophoresis was earned out on 1 128 P° W 3 ™^, H 8 . 3 at room temperature, 
containing 50 mM bone acid, 5 mM NgCI2and 50 mj ^ £ y/cm ^ g cuprent 

contaSed in each band was quantitated using a Phosphorolmager. 

Son ofCell Growth in HL60 and K562 Cells by 
Oligonucleotides. 

Trie upstream regulator— 

transcription, contains a region of J ?*^*J?r^ shc J? a bi „ a transcriptional factors. be 
a nuclease sensitive ■ element NSE) whi* has "g"*™^ A model has been postlI |ated 

ttVXS2XS2£Z!X~%™ — - - ,he c * h swnd 

Communications 1992, 185, 264-270. This Cmyo element la a ols-aeting positive 

transcriDtion element. Davis et al., 

Roc S. Acad. Sci. USA 1989, 86, 9682-9686. 



G-rich oligonucleotides designed to bind the duplex target in antiparallel manner (G:GC, A:AT 
TAJ); 2) G-rich oligonucleotides with a scrambled sequence; 3) C-rich oligonucleotides 
complementary to the target fup\ex d 4) c . rjcn oli g 0n ucleotides with a 

DNA in P- a ^ Agnation indicates 

scrambled sequence. An AP) P™*™* L ara |, e | orientation. The c-myc substrate comprised 
antiparallel orientation^ As (P) ""s pa J™ JLunetry comprising the arms of the 

sr e s f e «*— sequence (seq 

!d i NC f l^and designated"Sr. »S2". 11" and T2« respectively, 
was measured 24 hours afterwards, as described above. 



CITRfcH C-MYC UPSTREAM REGION 

3'ACTCAGAGGAGGGGTGGAAGGGGTGGGAGGGGTGGGAGGGGTATTCGCGGGGAGG 
G5' 



G5' 

Loop 2 

G-RICH OLIGONUCLEOTIDES 



r rrrrCCCCACCCTCCCCACCCTCCCCAb- (P)I\y iuu« • 
3- S™NNANNNTNNNNANNNTNNNNA 5' (P)KY10026 • 
5' CCCTCCCCACCCTCCCC 3' KY10031 15 
5- CCCCACCCTCCCCACCCT 3 1 KY10034 6 

conventional triplex-forming oligonucleotide, specifically, 



PUf (SEO ID NOf 30). 



in oontreet to the P^^nSSd^Sd „ 0 , G-ricr. oligonucleotides, exhibited e 
4b. 

The inhibition of cel. growth by C-rich oligonucleotides £» demonstrated by cell counts. 
The cell counts of both HL60 and K562 are provided in Table III. 

Cells were incubated with 1 ssM oligonucleotide in lipofectin as described above and counted 



upon harvest, viable cells only, as measured by Trypan blue exclusion, wen, counted. 



number after 24 hours. 
TABLE III 



E^SStSI S'S™ to ee,s« ,0 oetis™ SEO 



ID NO. 
KY100131.63 2.02 30 
KY10016 0.97 1.09 2 
KY10025 0.92 1.41 3 
KY10027 1.98 2.31 31 



Zto^VZv aSequences o, oligonucleotides are abown In Table II. 

blnitial cell number was 1x106/ml 

SionofCell Growth in LS180 and Hut17 Cells by 

Oligonucleotides mamma r.an rell survival and cell proliferation was utilized 

A quantitative calorimetnc assay ^r mammal a .v su ™ a H uH7 The assay is 
for quantifying cells S t Jff by he mitochondria, dehydrogenase of 

dependent on the reduct.cn of tetrazo ^Ji salt w i. i oy respiration and the 

viab,e ?! J f s f0 °™ of ,ivi T el,s present in 

pSraS in comparison to unmodified phosphod.ester. 

Several C-rich phosphorothioates exhibited for both 

HuH7 and LS180 cell lines as shown ^^^^^J^^eLiM^ of C- 
S^SS=-Sri li S0o /o in ce,, number. 

This effect was ^^^^S^^^^ °" 

effects in cell proliferate ^««P?^ 1 J^ a ^!SSlgnat8d "KYIOON8-PT" in 

P-Std^es^ 
and exhibited no effect. 

As can be seen f-ont ,be foregoarf, .be ^"^^'S'^s.' d'emlSed 
mer of SEQ f Q r n )n N q- 9 Althouqh SEQ ID NO: 2 

yet still inhibited cell growth. 

fnhibifon ofCell Growth Due to suppression in c-myc 

transcripts were compared in 



HL60 cells treated with G-rich and C-rich oligos. The cytoplasmic RNA was isolated, reverse 
SS^SiSw by PGR in a quantitative manner descnbed above. 

The level of the c-myc transcripts decreased in HL60 cells treated with C-rich oligos but not in 
^3SSK& m comparison- , ^gSSS^ine 

was due to nonspecified cytoxicity. 
EXAMPLE 4 

Transcriptional Inhibitory Effect of Oligonucleotides 
Does Not Correlate With the Binding Affinity of 
Oligonucleotides to the Duplex Target. 

The binding affinity of ^ 

electrophoresis to determine whether J^fonn un derthe conditions utilized 
intermo.ecu.ar triplex. ^^^^^Ip^vLbly be intermodular in 

exhibited a ^."^^^^'JSSrito experimental conditions. See Figure 
C-rich oligos did not ^to*^!^3 SSch oligos did not result from binding to the 
6. Thus, the f^f^S sS However, C-rich oligos may be 
double-stranded region of ^he cmyc "P'J^^ii^a^e,, region 0 f an intramolecular 
inhibiting transcription ^^^^f^^SffS^SdB^ KY10025 (SEQ ID 
SSS " "pS^^SS. orientation, to" the G-rich loop in the putative 



H-DNA 



formation of H-DNA in vivo. 

EXAMPLE 5 
Erb-B2. 



ISSo fSS tSgin 69 nuclaolides upstream or the transition initiation she 

Sfca^S^^rr^ Lre 9 enera», an, dtaeaaa „vo,»,n 9 the 
expression of Erb-B2. 

substantial mirror symmetry. The P?£naTomic_ therefore potentially therapeutic 
SEQ ID NO: 9. Certain oligonucle otides oi Hfoe '" v ^" ar J Q P f an 0 , ig0 nucleotide of 

in the treatment of ^^SS^iS^ Sj? 'vS suostaStia. two-fold" symmetry is 

treatment of hepatitis. 



EXAMPLE 7 
N-myc 



N-myc is anomer example of a gene having a P*"^*^^ in 
targeted against N-myc is that of SEQ ID NO: 15. 

Th* niinonucleotide and its derivatives may be used, for example, in the treatment of 
^St^ more generally, in the treatment of any disease invo. Vl ng the expression 

of N-myc. 
EXAMPLE 8 

S~dt^ 

N H Pv^eno^ b h» 

?i« B^'lMB 8 1715-1724) binding site. One example of an oligonucleotide of the 

HIV LTR is that of SEQ ID NO: 16 This oHgonuo.eot.de and ,ts 
tSSSm Say be used, for examp.e. in the treatment of HIV .nfecbon. 

EXAMPLE 9 

«™motni ThP nalindromic arms are evident in nucleotides 9-17 and 25-33 of SEU iu nu. 
T™Sw^*™ * ^ the gene beginning at posifiorv of an 
on g rucleotide of the invention targeted against EGFR .s that of SEQ ID NO. 1 7. 

This olioonucleotide and its derivatives may be used, for example in the treatment of lung 
^S^SSrSi^n involving fast-growing solid tumors and, more generally, any 
disease involving the expression of EGFR. 

EXAMPLE 10 

£ras also exemplifies substantial mirror symmetry in an upstream transcripttonally important 
rPoL that is ourine-rich The palindromic arms are visible in nucleotides 9-20 and 24-35 of 

ID NO Mfi which murine sequence has been published in Pestov et al., Nuc. Acids Res. 
?99° ?9?527 6532 One example of an oligonucleotide of the invention targeted against- this 
ofK ras is exemplified by SEQ ID NO: 19. This oligonucleotide and its derivatives may 

KeS for of sarcoma and ^ hroleukemia ' S0,id tum ° rS ' and 3ny 
cancer or other disease involving the expression of K-ras. 

EXAMPLE 11 

IS has been implicated in autoimmune disorders, such as AIDS, and the upstream regulatory 
egio of this ene likewise il.ustrates an area of '^f^^'^^^^ 
region. The two palindromic arms can be seen m nucleotides 4-8 and 10-14 of SEQ ID NO. 
20 which represents an area of the gene beginning at position -292. 

•™ ;c ^harartPriqtic of an NFAT binding site. An oligonucleotide of the invention 
targeted ]mSS^^^i ID NO: 21. This oligonucleotide may be used, for 
v=mniP in the treatment of HIV infection other diseases involving auto.mmun.ty and 
SsS XSwS^ and. more generally, any disease invoking the express.on 

of 1L2. 

EXAMPLE 12 

HpmL Simplex Virus I (HSV I) is another example of a human virus having a purine-rich 
seTmenS substantii. mirrol symmetry. The 

22 and 28-33 of SEQ ID NO: 22, which begins at position -60 in the HSV I genome. I nis 



«n„Pnr e presents a promoter region for the genes encoding viral polymerase and the DNA 
SSS^SS!SS!S!Sb of an oligonucleotide « the invention targeted aga.nst th.s 

[So'lfThis ^nucleotide and its derivatives may be used, for examp.e, in the treatment 
of HSV I infection. 

EXAMPLE 13 

HIV polypurine tract (ppt) 

The P°'yP"^ SESSSi of a transcriptionally important region having 
Long Terminal Repeat examp | e of a sequence in which the 

and 24-32 of SEQ ID NO: 24. 

One example of an oligonucleotide of the invention targeted against this region is that of SEQ 
ID N oT 2™ "Hiis oligonucleotide may be used, for example, .n the treatment of 
HIV infection. 

Given the present disclosure, one skilled in the art would be able to create oil 
or having about 1 to about 50 nucleotides between them. 

databases such as GenBank (IntelliGenetics, Mountain 
View, CA). 

SEQUENCE LISTING (1) GENERAL INFORMATION: 
l\) APPLICANT: Kyonggeun Yoon and Meiqmg Lu 

(ii) TITLE OF INVENTION: Gene Regulation by Targeting Putat.ve 
Intramolecular Triple Helix 

(iii) NUMBER OF SEQUENCES: 35 
iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Woodcock Washburn Kurtz 
Mackiewicz & Norris 

(B) STREET: One Liberty Place - 46th Floor 

(C) CITY: Philadelphia 

(D) STATE: PA 

(E) COUNTRY: USA 

(F) ZIP: 19103 

M COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: DISKETTE, 3.5 INCH, 1 .44 Mb STORAGE 

(B) COMPUTER: IBM PS/2 

(C) OPERATING SYSTEM: PC-DOS 

(D) SOFTWARE: WORDPERFECT 5.1 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/008,897 

(B) FILING DATE: January 25, 1993 

viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Doreen Yatko Trujillo 



(B) REGISTRATION NUMBER: 35.719 

(C) REFERENCE/DOCKET NUMBER: 

(ix) TELECOMMUNICATION INFORMATION: 

^tltS^NFORMATION FOR SEO ,0 NO: 1: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 56 
B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Double Stranded 

(D) TOPOLOGY: Linear 

CCTCCC 56 (2) INFORMATION FOR SEQ ID NO: 2: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

ffiSSSSS, INFORMATION FOR SEO ,0 NO: 3: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

SSSK™ INFORMATION FOR SEO ,0 NO: 4: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 
(ix) FEATURE: 

(A) NAME/KEY: Modified-site 
B LOCATION: 1-2, 5-8, 10-12, 14-17, 19-21 23-26 
D) OTHER INFORMATION: /label = methylcytosine 

ssMssras^ « ^ «* SE o » n 0; * 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

^SSSS^SSWSSSSSSSSm FOR SEO ID NO: 7: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

«"f GtI 27 ,2, INFORMATION FOR SEQ ,0 NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 



(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Double Stranded 

(D) TOPOLOGY: Linear 

«SS « «««■««< ™ SE ° 10 NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Double Stranded 

(D) TOPOLOGY: Linear 

gSSSS D ofo C S3 S S, 9 iN ro RMAT,ON FOR SEQ ,0 MO: ,0: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Double Stranded 

(D) TOPOLOGY: Linear 

SSKS^CT gSSSSSSSrO 31 (2, INFORMATION FOR SEO ,0 NO: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 
B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Double Stranded 

(D) TOPOLOGY: Linear 

gJ^SSE^^ M^™N FOR SEO ,0 NO: ,2= 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 
B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Double Stranded 

(D) TOPOLOGY: Linear 

SSrSS— TO 36 « INFORMATION FOR SEO ID 
NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 
f D) TOPOLOGY: Linear 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

xi SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
CTOCT»cSc A 10 (2) INFORMATION FOR SEQ ID NO: 15: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

kl^g^EESl&O* SEQ ,0 NO: « 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: Nucleic Acid 



(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

xi SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
CATCTTCTC 9 (2) INFORMATION FOR SEQ ID NO: 17: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 

B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

»« « ,D NO: 1. 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 45 
B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Double Stranded 
(D} TOPOLOGY: Linear 

blSSSS^KcTCCCOCSCO 0,000 45 (2) 

INFORMATION FOR SEQ ID NO: 19: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 
B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

b"7SSSpOR SEO ,0 NO: 2 0: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 
) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Double Stranded 

(D) TOPOLOGY: Linear 

jSy^KE^ * FOR SEO ,D NO: *= 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

xi SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
TTTCCT 6 (2) INFORMATION FOR SEQ ID NO: 22: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Double Stranded 

(D) TOPOLOGY: Linear 

?fSgSSSgSSg^SSS^Cm 36 ,2, INFORMATION FOR SEO ,0 
NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

xi SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
BOCT C 11 (2) INFORMATION FOR SEQ ID NO: 24: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Double Stranded 

(D) TOPOLOGY: Linear 



aSSS— « 32 (2) INFORMATION FOR SEO ,0 
NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

f*h SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

GAG 13 (2) INFORMATION FOR SEQ ID NO: 26: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 28 
B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

SSSI^^E^SSJE?* INFORMATION FOR SEQ ID NO: 27: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

xi SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
CCCCACCCT 9 (2) INFORMATION FOR SEQ ID NO: 28: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 

B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

8S^££S2&££& » informal for seq ,d n0: * 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 
B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

SOS! SSZSS S^NF^ON FOR SEQ ID NO: 30: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

SSS 3« INFORMATION FOR SEQ ID NO: 31: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

SIoOT SSSS (2, INFORMATION FOR SEQ ID NO: 32: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

SSSSgSSSSSSJ fSSSSSk INFORMATION FOR SEQ ID NO: 33: 
(i) SEQUENCE CHARACTERISTICS: 



(A) LENGTH: 24 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

SSSSSS^SSSSf ^FORMATION FOR SEO ,D NO: 34: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

gjsssssssssgfass.a &«*™» « n 0; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single Stranded 

(D) TOPOLOGY: Linear 

xi SEQUENCE DESCRIPTION: SEQ ID NO: 35: 
CTAGAAGCAT TTGCGGTGGA CGAT 24 
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